Pushing electron charge around a silicon chip drives modern electronics, from supercomputers to mobile phones. Charge distributions have been used for decades to encode digital information, because they are easily tunable as well as surprisingly robust and predictable. Moreover, charges respond rapidly to changes in the voltage of a device, yet quickly relax to the equilibrium configuration required by such voltages. These advantageous properties, however, also mean that a fundamental minimum energy is required to switch a device from an 'on' to an 'off ' voltage 1 . As modern chips approach this fundamental limit, the prospect of replacing electron charge with electron spin has become increasingly attractive 2 . On page 491 of this issue, Dash et al. 3 describe a dramatic advance in the field of spin-transport electronics (spintronics): the demonstration in silicon at room temperature of the electrical injection and detection of spin-polarized electrons -electrons that all have the same spin orientation.
A decade ago, the demonstration of longlived coherent spin precession (the rotation of an electron's spin orientation about an axis) in semiconductors at room temperature 4 galvanized research into the use of spintronics for semiconductors 5, 6 . To precess coherently, the spins cannot be in thermodynamic equilibrium, and that first experiment 4 showed that the time for which spins can remain out of equilibrium -the spin coherence time -is easily a million times longer than is possible for charge distributions. Switching the spin polarization (Fig. 1) , for example from spin 'up' to spin 'down' , on the basis of spins out of thermal equilibrium, might then be possible, but would require electrical injection, transport and detection of these coherently precessing spins.
Silicon, the best semiconductor material for charge-based electronics, also seemed a promising choice for spintronics, as the coupling between the electron spin and direction of motion (spin-orbit interaction) in silicon is weak compared with that in many other semiconductors. And as this spin-orbit inter action limits spin coherence times, silicon should have a long coherence time. Successful demonstrations of electrical injection, transport and detection of spins in the semiconductor gallium arsenide 7 were closely followed by those in silicon 8, 9 , although at low temperatures. Dash et al.
3 now achieve spin injection and detection in silicon at room temperature, and control the injected spins by means of a weak magnetic field.
The efficiency of the experimental pro cedure used by Dash and colleagues is considerably higher than that of previous attempts using 'doped' silicon (possessing a background of unpolarized charge carriers in thermal equilibrium). The authors 3 obtained an electron spin polarization of a few per cent, compared with much less than one per cent in previous work with doped silicon 9 ; higher percentages have been achieved with undoped silicon 8 . The electrical detection of spin polarization involves measuring the electrical potential at a ferromagnetic contact. The strength of this potential depends on the spin polarization and doping in the semiconductor beneath the contact; the larger spin polarization obtained by the authors in doped silicon led to a much larger detection voltage (millivolts instead of microvolts). Their approach 3 to electrical injection and detection relied on a single electrical contact, which consisted of a ferromagnetic metal electrode and an aluminium oxide interface (barrier) between the silicon and the electrode, for both injection and detection. This interface increases the efficiency of the electrical injection of spin-polarized electrons from the ferromagnet into the silicon . The charge distribution is in thermal equilibrium, and thus an energetic potential barrier (induced by an applied voltage, V ) that is much larger than thermal energies must be used to keep it in the desired position (potential-energy minimum 1 or 2). b, In spintronic switching, which is based on the spin rather than the charge of the electron, the spins remain out of thermal equilibrium for long periods of time, and thus no energetic barrier is required to keep them in the desired polarization (spin up or spin down). Spins can be switched from one polarization to another (for example, spin up to spin down) using a small magnetic field (B), which causes the spin orientation to precess coherently. Dash and colleagues 3 demonstrate spin injection, detection and coherent precession in silicon at room temperature -essential steps towards achieving spintronic switching.
of actual T-cell infiltration is needed. current through the contact fixed, the voltage between it and a reference point was measured as a magnetic field was varied. This voltage included a small contribution from the spin polarization under the contact in the silicon, but it was masked by the much larger reference voltage. So how did the authors 3 measure the desired spin polarization in the silicon?
Spins precess in a magnetic field, and if that precession is much faster than the spin coherence time, the spin polarization is greatly reduced. For a sufficiently large magnetic field, the spins under the contact randomize and spin polarization is quenched. A measurement of the difference between the voltage at zero magnetic field and at a large magnetic field provided the contribution of the injected spin polarization to the signal at the ferromagnetic contact 3 . The strength of the magnetic field required to quench the injected spin polarization provided a measure of the spin coherence time (as well as the distance over which the electrons remain polarized during that time). Control experiments, which included destroying the spin polarization of the current flowing into the silicon (by having ytterbium in the barrier) or modifying the barrier between the contact and the silicon (by adding caesium), led to negligible spin-injection amplitudes. This demonstrates that the carefully designed contact and barrier are crucial for high-efficiency spin injection.
Dash and colleagues achieved successful spin injection in both 'electron-doped' and 'hole-doped' silicon -the two constituents of complementary metal-oxide-semiconductor (CMOS) technology used in most conventional microelectronic circuitry. One might expect that the resulting spin coherence times measured in doped silicon would correspond to those measured by other techniques. However, the times reported by the authors -140 picoseconds for electron-doped silicon and 270 picoseconds for hole-doped silicon -are surprisingly short. By comparison, gallium arsenide, which has a spin-orbit interaction tenfold larger than that of silicon, has a room-temperature spin coherence time only threefold smaller 10 , about 50 picoseconds. This disconcerting result does not necessarily preclude the use of silicon for spintronic devices, for the distance over which the electrons remain polarized during these times exceeds a couple of hundred nanometres, which is much larger than the expected sizes of devices in modern semiconductor chips. However, it is a surprising result that may require a rethink about the mechanisms of spin decoherence in silicon.
Because of the ubiquitous nature of silicon in modern semiconductor electronics, the demonstration of semiconductor spintronic functionality in silicon at room temperature promises to be a major breakthrough. An observation of room-temperature spin transport between two contacts in silicon, in addition to the injection and detection demonstrated in a single contact by Dash et al., would be a welcome next step. Initial applications may include using spin injection and detection to enhance the performance of predominantly charge-based devices. However, to dramatically reduce the power consumption of modern electronics below the fundamental limit 1 , additional advances would be required, especially the control of spin orientation by other means than a magnetic field. Early in any biochemistry course, students are told that charged amino acids are not happy in hydrophobic (water-repelling) environments. Because the basic unit of biological membranes -the lipid bilayer -has a hydrophobic core, it follows that the α-helices of membranebound proteins should rarely contain charged amino acids. But there are exceptions, of which voltage-gated potassium channels form one class. On page 473 of this issue, Krepkiy et al. show that, contrary to textbook teachings, the highly charged α-helix present in these ion channels is fully compatible with a normal lipid bilayer.
Voltage-gated potassium channels are homotetramers -they assemble from four identical monomers, each of which contains six membrane-spanning α-helices. Two of the helices (S5 and S6) from each monomer come together in the tetrameric structure to form the pore through which potassium ions move across the membrane (Fig. 1) . The remaining helices (S1 to S4) form voltage sensors, one for each monomer. A vital role is played by helix S4, which contains four or five positively charged amino-acid residues. It is these positive charges that allow the channel to sense a change in electrical potential across the membrane; subsequent movement of S4 leads to opening of the channel. But how can such a charged 
